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A bs tr ac t

Background

Diarrhea is a frequent complication of hematopoietic stem-cell transplantation (HSCT). 
Important causes of diarrhea after HSCT include acute graft-versus-host disease 
(GVHD), infections, and medications. After the transplantation and engraftment of 
hematopoietic stem cells from umbilical-cord blood, we observed a new syndrome of 
culture-negative, antibiotic-responsive diarrhea not attributable to any known cause.

Methods

We conducted a retrospective cohort study of all patients undergoing cord-blood 
HSCT at our center between March 2003 and March 2010. The cord colitis syndrome 
was defined as a persistent diarrheal illness in such patients that was not due to acute 
GVHD, viral or bacterial infection, or another identifiable cause. Clinical and histo-
pathological features of patients meeting the case definition were further analyzed.

Results

Among 104 patients who underwent cord-blood HSCT at our center, the cord colitis 
syndrome developed in 11 (10.6%). The 1-year Kaplan–Meier cumulative probability 
of meeting the case definition for the syndrome was 0.16. The median time to onset 
after transplantation was 131 days (range, 88 to 314). All patients had a response to a 
10-to-14-day course of empirical therapy with metronidazole, alone or in combination 
with a fluoroquinolone. Five of the 11 patients (45%) had recurrent diarrhea short-
ly after discontinuation of antibiotics, and all patients who had a relapse had a re-
sponse to reinitiation of antibiotic therapy. On histologic examination, all patients 
with the cord colitis syndrome had chronic active colitis, with granulomatous in-
flammation present in 7 of 11 patients (64%).

Conclusions

The cord colitis syndrome is clinically and histopathologically distinct from acute 
GVHD and other causes of diarrhea in patients who have undergone cord-blood 
HSCT and is relatively common in this patient population. The syndrome should be 
considered in such patients who have diarrhea that is not attributable to other causes.

The New England Journal of Medicine 
Downloaded from nejm.org at UC SHARED JOURNAL COLLECTION on September 4, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;9 nejm.org september 1, 2011816

Hematopoietic stem-cell transplan-
tation (HSCT) with the use of umbilical-
cord blood is effective in patients for 

whom a sibling or matched, unrelated donor is not 
available.1-4 Acute graft-versus-host disease (GVHD), 
a major cause of illness in patients undergoing 
HSCT, is less severe with cord-blood transplants 
than with adult donor transplants.1-5 However, 
cord-blood HSCT is associated with an increased 
risk of infection related to delayed immune recon-
stitution because of the infusion of naive immune 
cells with the graft.6-9

Acute GVHD and gastrointestinal infection are 
important causes of diarrhea after HSCT.10,11 Dis-
tinguishing between them is important because 
their treatment differs considerably: acute GVHD 
is treated with increased immunosuppression, 
whereas infection is treated with appropriate an-
timicrobial therapy. Classic viral causes of diarrhea 
after transplantation include cytomegalovirus and 
adenovirus.12-15 More common gastrointestinal 
viral pathogens, such as rotavirus and norovirus, 
are increasingly recognized as frequent causes of 
diarrhea in patients who have undergone HSCT.16,17 
Epstein–Barr virus (EBV) infection resulting in 
post-transplantation lymphoproliferative disease 
that involves the gut may cause diarrhea.18 Proto-
zoal infections due to giardia and cryptosporidi-
um are possible causes, but the risk of such infec-
tions is minimized by the strict hygiene practices 
used after transplantation.14,19 Conditioning-relat-
ed mucositis20 and neutropenic enterocolitis21 fre-
quently cause diarrhea before engraftment; Clos-
tridium difficile22 infection and medication-related 
diarrhea23,24 are common throughout the trans-
plantation course.

In patients undergoing cord-blood HSCT at our 
center, we have observed a syndrome of culture-
negative, antibiotic-responsive diarrhea after en-
graftment that is not attributable to any of the 
aforementioned causes of diarrhea. We report the 
clinical and epidemiologic characteristics of pa-
tients with this gastrointestinal syndrome, which 
we have termed the cord colitis syndrome.

Me thods

Patients and Study Design

All patients who underwent cord-blood HSCT at 
the Dana–Farber Cancer Institute/Brigham and 
Women’s Hospital Hematopoietic Stem Cell Trans-
plantation Service between March 1, 2003, and 
March 31, 2010, were identified through the ser-

vice’s clinical database. A waiver of the requirement 
for informed consent was granted by the Office for 
Human Research Studies of Dana–Farber/Harvard 
Cancer Center, which approved the study.

A total of 104 patients underwent cord-blood 
HSCT during the study period; 101 patients each 
received 2 units of cord-blood stem cells, and 3 
patients each received 1 unit (Table 1).5,6 The me-
dian follow-up period was 452 days (range, 1 to 
2409). Twenty-six patients underwent myeloabla-
tive conditioning, typically with cyclophospha-
mide, total-body irradiation, and fludarabine. 
Seventy-eight patients underwent reduced-intensity 
conditioning regimens, most commonly with flu-
dar a bine, melphalan, and antithymocyte globulin 
(the latter at a dose of 6 mg per kilogram of body 
weight). Sirolimus–tacrolimus (71 patients), cyclo-
sporine–mycophenolate mofetil (15), tacrolimus–
mycophenolate mofetil (13), or a combination of 
these medications with either methotrexate (in 
5 patients) or glucocorticoids (in 9) were used 
for GVHD prophylaxis.5,6,25 With the exception of 
methotrexate, individual drugs used for GVHD 
prophylaxis were started during the conditioning 
regimen, tapered starting between day 60 and 
day 100 after transplantation, and discontinued 
by day 180 unless GVHD occurred. Patients were 
treated according to single-group protocols, or the 
conditioning regimen and GVHD prophylaxis 
were chosen at the discretion of the treating 
physician.5,6

Data on covariates of interest were identified 
through the transplantation service’s clinical 
database and the Partners HealthCare System 
Research Patient Data Repository. Covariates 
included age, sex, self-reported race, primary dis-
ease that necessitated HSCT, date of HSCT, inci-
dent acute GVHD and date of diagnosis, organ-
specific stage and acute GVHD grade (according 
to the consensus scale for grading the clinical se-
verity of GVHD26), and date of death or last clinic 
visit on or before August 1, 2010.

Medical records of all patients who underwent 
cord-blood HSCT were reviewed for all episodes of 
diarrheal illness after engraftment. Data collected 
included patients’ or clinicians’ reports of the qual-
ity of stool, duration of illness, weight loss, need 
for hospitalization, results of microbiologic testing 
of stool and intestinal-biopsy specimens, results of 
abdominal imaging, reported gross appearance 
of mucosa and histopathological features of en-
doscopic gastrointestinal-biopsy samples, type and 
duration of antimicrobial treatment, response to 

The New England Journal of Medicine 
Downloaded from nejm.org at UC SHARED JOURNAL COLLECTION on September 4, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



Cord Colitis Syndrome

n engl j med 365;9 nejm.org september 1, 2011 817

treatment, and relapse of diarrheal illness after 
treatment.

Case Definition

The cord colitis syndrome was defined as a persis-
tent diarrheal illness (duration, >7 days) in a pa-
tient undergoing cord-blood HSCT that was not 
caused by acute GVHD, bacterial (including C. dif-

ficile) or viral infection, post-transplantation lym-
phoproliferative disease, or another identifiable 
cause on microbiologic and histopathological ex-
amination.

Histopathological Review

Cases of the cord colitis syndrome with available 
endoscopic mucosal-biopsy material (as detailed in 

Table 1. Baseline Characteristics of the Entire Cohort and of Patients with and Those without the Cord Colitis 
Syndrome (CCS).*

Characteristic Total CCS No CCS P Value

No. of patients — no. (%) 104 (100) 11 (10.6) 93 (89.4)

Male sex — no. (%) 57 (54.8) 5 (45.5) 52 (55.9) 0.54

White race — no. (%)† 86 (82.7) 9 (81.8) 77 (82.8) 1.00

Median age (range) — yr 48 (19–67) 40 (28–59) 49 (19–67) 0.30

Alive at censoring of data — no. (%) 47 (45.2) 8 (72.7) 39 (41.9) 0.06

Underlying disease — no. (%) 0.9

Acute myeloid leukemia 36 (34.6) 3 (27.3) 33 (35.5)

Acute lymphoblastic leukemia 7 (6.7) 1 (9.1) 6 (6.5)

Chronic lymphocytic leukemia 5 (4.8) 1 (9.1) 4 (4.3)

Chronic myeloid leukemia 5 (4.8) 1 (9.1) 4 (4.3)

Myelodysplastic syndrome 10 (9.6) 1 (9.1) 9 (9.7)

Non-Hodgkin’s lymphoma 23 (22.1) 2 (18.2) 21 (22.6)

Hodgkin’s disease 8 (7.7) 1 (9.1) 7 (7.5)

Aplastic anemia 7 (6.7) 1 (9.1) 6 (6.5)

Myeloproliferative disorder 3 (2.9) 0 3 (3.2)

Conditioning regimen — no. (%) 0.46

Reduced-intensity conditioning 78 (75.0) 7 (63.6) 71 (76.3)

Melphalan–fludarabine–ATG 59 (56.7) 4 (36.4) 55 (59.1)

Other 19 (18.3) 3 (27.3) 16 (17.2)

Ablative 26 (25.0) 4 (36.4) 22 (23.7)

Cyclophosphamide–TBI–fludarabine 18 (17.3) 3 (27.3) 15 (16.1)

Other 8 (7.7) 1 (9.1) 7 (7.5)

GVHD prophylaxis — no. (%)

Tacrolimus–sirolimus 71 (68.3) 9 (81.8) 62 (66.7) 0.5

Tacrolimus–mycophenolate mofetil 13 (12.5) 0 13 (14.0) 0.35

Cyclosporine–mycophenolate mofetil 15 (14.4) 2 (18.2) 13 (14.0) 0.66

Methotrexate, any 5 (4.8) 1 (9.1) 4 (4.3) 0.43

Glucocorticoids, any 9 (8.7) 2 (18.2) 7 (7.5) 0.24

Acute GVHD grade — no. (%)‡

≥2 21 (20.2) 5 (45.5) 16 (17.2) 0.04

≥1 34 (32.7) 6 (54.5) 28 (30.1) 0.17

* ATG denotes antithymocyte globulin, GVHD graft-versus-host disease, and TBI total-body irradiation.
† Race was determined by self-report.
‡ According to the consensus scale for grading the clinical severity of acute GVHD, 0 indicates no GVHD and 1 through 4 

indicate increasing GVHD severity on the basis of organ-specific manifestations.26
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the Results section) were retrieved from the sur-
gical-pathology files. Material included hematox-
ylin-and-eosin–stained slides and, in several cases, 
histochemical, immunohistochemical, and in situ 
hybridization studies conducted during the diag-
nostic workup. All material was reviewed by two 
gastrointestinal pathologists who were unaware 
of the patients’ clinical characteristics. A detailed 
morphologic evaluation was conducted, with cases 
assessed for the presence or absence of the fol-
lowing histologic features: basal plasmacytosis, 
Paneth-cell metaplasia, architectural distortion, 
granulomas, surface epithelial injury, and viral 
cytopathic effect. When granulomas were present, 
they were characterized as associated with crypt 
rupture, loose, or epithelioid (as in Crohn’s disease). 
Inflammatory activity was assessed and graded as 
follows: none (no appreciable neutrophilia), focal 
(rare cryptitis), mild (cryptitis), moderate (crypt 
abscesses), or severe (ulceration). GVHD features 
evaluated included crypt epithelial apoptosis and 
crypt loss; these were graded from 0 to 4 accord-
ing to published criteria.27

On the basis of colon-biopsy findings, the 
overall pattern of morphologic injury was clas-
sified as GVHD-like, active colitis, chronic ac-
tive colitis, or chronic inactive colitis. For this 
assessment, cases were considered GVHD-like if 
they were characterized by an apoptotic colonopa-
thy without appreciable inflammatory activity 
or features of chronicity. Basal plasmacytosis, 
Paneth-cell metaplasia, architectural distortion, 
and granulomas were considered features of 
chronicity.

In addition, all reports on gastrointestinal bi-
opsies in patients who underwent allogeneic HSCT 
with the use of stem cells from adult (related or 
unrelated) donors during the study period were 
reviewed. We identified patients whose reports 
contained one or more of the following terms: 
“granuloma,” “Paneth cell,” and “active colitis.” 
Medical records and histologic sections were fur-
ther reviewed to assess whether a clinical pattern 
similar to that of the cord colitis syndrome was 
present.

Statistical Analysis

The statistical analysis was designed to determine 
whether the cord colitis syndrome was associated 
with any characteristics of the cord-blood HSCT 
cohort. Only patients who met the case definition 
of the syndrome and had compatible histopatho-

logical findings were included in the analysis. We 
compared baseline characteristics and covariates 
of interest between patients with and those with-
out the cord colitis syndrome, using a two-sided 
Fisher’s exact test or Wilcoxon rank-sum test as 
appropriate. Kaplan–Meier curves were calculated 
to determine the cumulative probability of the de-
velopment of the syndrome. Statistical analysis was 
performed with the use of SAS software, version 
9.1 (SAS Institute).

R esult s

Clinical Characteristics of the Cord Colitis 
Syndrome

Eleven of 104 patients (10.6%) met the criteria for 
the cord colitis syndrome. An additional patient 
had relapsing antibiotic-responsive diarrhea that 
was compatible with the syndrome but did not un-
dergo endoscopic biopsy and was therefore not in-
cluded in the analysis. The 1-year cumulative prob-
ability of meeting the case definition for the cord 
colitis syndrome was 0.16. The median time to on-
set of the syndrome was 131 days (range, 88 to 
314) after cord-blood HSCT. Most commonly, pa-
tients reported that stools were watery (82%) and 
nonbloody (91%), and they were often associated 
with fever (64%). The median duration of diarrhea 
before colonoscopy was 18 days (range, 5 to 59). 
Nearly all patients (91%) with the cord colitis syn-
drome had lost weight as compared with their pre-
illness weight (median loss, 2.3 kg; range, 0 to 
10.9). Eight patients (73%) with the syndrome re-
quired hospitalization. There was no clustering 
of cases or seasonal variation over time (Table 2).

Microbiologic Findings

Clinically driven microbiologic evaluations during 
episodes of the cord colitis syndrome were per-
formed at the discretion of the treating physicians. 
Evaluations included stool C. difficile toxin assays; 
bacterial, viral, and fungal cultures; and testing for 
protozoa and parasites. Tests were performed for a 
variety of organisms, including cytomegalovirus, 
adenovirus, herpes simplex virus (HSV), varicella–
zoster virus, salmonella, shigella, aeromonas, ple-
siomonas, campylobacter, yersinia, cryptosporidia, 
and microsporidia. All tests performed in all 11 
patients were negative. Details of all microbiologic 
testing performed are presented in Tables S1 and 
S2 of the Supplementary Appendix, available with 
the full text of this article at NEJM.org.

The New England Journal of Medicine 
Downloaded from nejm.org at UC SHARED JOURNAL COLLECTION on September 4, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



Cord Colitis Syndrome

n engl j med 365;9 nejm.org september 1, 2011 819

Ta
bl

e 
2.

 C
lin

ic
al

 C
ha

ra
ct

er
is

tic
s 

of
 P

at
ie

nt
s 

w
ith

 th
e 

C
or

d 
C

ol
iti

s 
Sy

nd
ro

m
e.

*

Pa
tie

nt
 N

o.
Sy

m
pt

om
s

H
os

pi
ta

l- 
 

iz
at

io
n

Im
ag

in
g‡

M
uc

os
al

 A
pp

ea
ra

nc
e 

on
 B

io
ps

y
Tr

ea
tm

en
t

Fe
ve

r
W

at
er

y 
B

M
B

lo
od

y 
B

M
W

ei
gh

t 
Lo

ss
†

C
ol

on
ic

- 
W

al
l 

Th
ic

ke
ni

ng
Fo

ca
l

D
iff

us
e

Er
yt

he
m

a
Ed

em
a

U
lc

er
- 

at
io

n
H

em
or

-
rh

ag
ic

FQ
M

et
ro

R
es

po
ns

e

In
iti

al
 

Tr
ea

tm
en

t 
D

ur
at

io
n

R
el

ap
se

R
el

ap
se

 
Tr

ea
tm

en
t 

D
ur

at
io

n

kg
da

ys
da

ys

1
Ye

s
Ye

s
N

o
3.

2
Ye

s
Ye

s
Ye

s
N

o
Ye

s
N

o
N

o
N

o
Ye

s
Ye

s
Ye

s
14

N
o

N
A

2
Ye

s
Ye

s
N

o
10

.9
Ye

s
N

o
N

o
N

o
N

o
N

o
N

o
N

o
Ye

s
Ye

s
Ye

s
10

Ye
s

14

3
Ye

s
Ye

s
N

o
5.

6
Ye

s
—

—
—

Ye
s

Ye
s

N
o

N
o

Ye
s

Ye
s

Ye
s

21
N

o
N

A

4
Ye

s
Ye

s
N

o
2.

0
Ye

s
Ye

s
N

o
Ye

s
Ye

s
N

o
Ye

s
N

o
Ye

s
Ye

s
Ye

s
10

Ye
s

73
0

5
Ye

s
Ye

s
N

o
1.

5
Ye

s
—

—
—

Ye
s

N
o

N
o

N
o

Ye
s

Ye
s

Ye
s

90
Ye

s
—

§

6
N

o
N

o
N

o
8.

4
Ye

s
Ye

s
Ye

s
N

o
Ye

s
Ye

s
Ye

s
N

o
Ye

s
Ye

s
Ye

s
14

N
o

N
A

7
N

o
Ye

s
N

o
2.

1
N

o
—

—
—

Ye
s

N
o

N
o

Ye
s

Ye
s

Ye
s

Ye
s

14
Ye

s
36

0

8
Ye

s
Ye

s
N

o
6.

5
Ye

s
—

—
—

Ye
s

Ye
s

N
o

N
o

Ye
s

Ye
s

Ye
s

45
N

o
N

A

9
N

o
Ye

s
Ye

s
1.

2
N

o
Ye

s
N

o
Ye

s
Ye

s
N

o
Ye

s
N

o
N

o
Ye

s
Ye

s
10

N
o

N
A

10
N

o
N

o
N

o
 0

N
o

Ye
s

Ye
s

N
o

N
o

Ye
s

N
o

N
o

N
o

Ye
s

Ye
s

14
N

o
N

A

11
Ye

s
Ye

s
N

o
2.

3
Ye

s
—

—
—

Ye
s

Ye
s

Ye
s

N
o

Ye
s

Ye
s

Ye
s

60
Ye

s
60

To
ta

l p
at

ie
nt

s  
—

 n
o.

 (
%

)
7 

(6
4)

9 
(8

2)
1 

(9
)

10
 (

91
)

8 
(7

3)
5 

(8
3)

3 
(5

0)
2 

(3
3)

9 
(8

2)
5 

(4
5)

4 
(3

6)
1 

(9
)

9 
(8

2)
11

 (
10

0)
11

 (
10

0)
5 

(4
5)

* 
B

M
 d

en
ot

es
 b

ow
el

 m
ov

em
en

t, 
FQ

 fl
uo

ro
qu

in
ol

on
e,

 M
et

ro
 m

et
ro

ni
da

zo
le

, a
nd

 N
A

 n
ot

 a
pp

lic
ab

le
.

†
 T

he
 m

ed
ia

n 
w

ei
gh

t 
lo

ss
 w

as
 2

.3
 k

g.
‡

 Im
ag

in
g 

w
as

 n
ot

 p
er

fo
rm

ed
 in

 fi
ve

 p
at

ie
nt

s.
§ 

Pa
tie

nt
 5

 h
ad

 r
ec

ei
ve

d 
90

 d
ay

s 
of

 t
he

ra
py

 a
nd

 w
as

 s
til

l b
ei

ng
 t

re
at

ed
 fo

r 
a 

re
la

ps
e 

w
he

n 
da

ta
 w

er
e 

ce
ns

or
ed

.

The New England Journal of Medicine 
Downloaded from nejm.org at UC SHARED JOURNAL COLLECTION on September 4, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;9 nejm.org september 1, 2011820

Imaging

Six patients underwent abdominal computed to-
mography (CT) as part of the evaluation for diar-
rhea. Five patients (83%) had evidence of colonic-
wall thickening, including two patients (33%) with 
diffuse colonic involvement, two (33%) with sig-
moid thickening, and one (17%) with thickening of 
the cecum and ascending colon (Table 2).

Histopathological Findings and Gross 
Mucosal Appearance

All 11 patients with the cord colitis syndrome un-
derwent diagnostic colonoscopy with biopsy at the 
time of presentation. On inspection, 9 patients 
(82%) had mucosal erythema, 5 (45%) had edem-
atous mucosa, and 4 (36%) had mucosal ulcer-
ations. Only 1 patient had hemorrhagic mucosa; no 
patients had pseudomembranes.

Thirty-seven biopsy specimens from the 11 pa-
tients were reviewed. The degree of inflammatory 
activity ranged from none to severe. Basal plasma-
cytosis was not a prominent feature, identified in 
only 1 biopsy specimen from 1 patient. In single 
biopsy specimens from 4 other patients, crypts 
were lifted off the muscularis mucosae by a mixed 
inflammatory infiltrate with numerous histio-
cytes. Paneth-cell metaplasia was present in biopsy 
specimens of the left colon (distal to the splenic 
flexure) from 8 of the 11 patients (73%). Pyloric 
metaplasia (indicative of chronic ileitis) was pres-
ent in 1 of 2 patients who underwent biopsy of the 
terminal ileum. Substantial architectural distortion 
was noted in only 1 patient. Surface epithelial in-
jury was noted in 7 of the 11 patients, always in the 
colon. A viral cytopathic effect was identified in 
1 patient (Patient 11) with prior cytomegalovirus 
infection, though only rare cytomegalovirus-infect-
ed cells were detected in the lamina propria by 
immunohistochemical analysis. Three months be-
fore the onset of the cord colitis syndrome, the 
patient had had cytomegalovirus colitis, which had 
resolved before his presentation with the syn-
drome. No viral cytopathic effect was seen in other 
biopsy specimens.

Granulomas were present in 7 of 11 patients 
(64%), noted in 15 biopsy specimens of the stom-
ach, duodenum, and colon. Five biopsy specimens 
showed tight, epithelioid granulomas, whereas 
granulomas associated with crypt or gland rup-
ture and ill-defined lymphohistiocytic aggregates 
were seen in 6 and 8 specimens, respectively (some 
biopsy specimens had more than 1 type of granu-

loma). Although it was not a prominent histologic 
feature, mildly increased crypt or gland epithelial 
apoptosis was present in 8 of 11 patients (73%). 
Except for the single positive immunostaining 
study for cytomegalovirus, noted above, all special 
studies for microorganisms were negative, includ-
ing Gram’s stain; stains for acid-fast bacilli, cyto-
megalovirus, HSV types 1 and 2, adenovirus, and 
varicella–zoster virus; methenamine silver stain, 
Giemsa stain, in situ hybridization for EBV-encoded 
RNA, and helicobacter stain (Table 3, and Table S2 
of the Supplementary Appendix).

Biopsy specimens from all 11 patients showed 
chronic active colitis, often with granulomas of 
various types. No patient had active colitis without 
features of chronicity (Fig. 1 and Table 3).

Histopathological Findings in Other 
Allogeneic Transplant Recipients

An additional 1261 patients underwent allogeneic 
peripheral-blood or bone marrow HSCT during the 
study period. A total of 381 patients underwent 
609 gastrointestinal endoscopy and biopsy proce-
dures. Only 1 patient had findings suggestive of the 
chronic active, granulomatous colitis observed in 
the patients with the cord colitis syndrome. On fur-
ther review, more prominent chronic inflammation 
of the lamina propria and tissue eosinophils were 
noted. The patient had intermittent diarrhea and 
peripheral-blood eosinophilia that resolved with 
immunosuppressive therapy; antibiotic therapy was 
not required. Thus, the clinical course in this pa-
tient was distinct from that in patients who un-
derwent cord-blood HSCT.

Treatment

Once other causes of diarrhea were ruled out, all 
patients received a 10-to-14-day course of anti-
bacterial agents at the discretion of the treating 
physicians. Nine patients were treated with met-
ronidazole and a fluoroquinolone, including five 
with ciprofloxacin and four with levofloxacin. Two 
patients were treated with metronidazole alone. All 
patients had a clinical response to antibacterial 
treatment, with a clinically significant reduction 
in stool frequency or resolution of diarrhea after 
a median of 5 days (range, 3 to 14). Treatment was 
continued until symptoms resolved, with a medi-
an treatment duration of 14 days (range, 10 to 90). 
Four patients received initial courses of treatment 
that were longer than 14 days (range, 21 to 90) 
because of mild persistent symptoms or difficulty 
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gaining weight. Five patients (45%) had recurrent 
diarrhea a median of 7 days (range, 4 to 60) after 
discontinuation of antibiotics. The five patients 
who had a relapse were re-treated with several 
maintenance courses of fluoroquinolone and met-
ronidazole for a median of 120 days (range, 14 to 
730), with resolution of the diarrhea in all five. 
Symptoms were generally well controlled while 
the patients received therapy; treatment continued 
until withdrawing antibacterial agents did not re-
sult in a return of symptoms. There were no inci-
dent episodes of C. difficile colitis or tendinitis.

Covariate Analysis

No association was noted between the occurrence 
of the cord colitis syndrome and age, race, the pri-
mary hematologic disease, or the conditioning 
regimen or GVHD prophylactic regimen used. A 
higher percentage of patients with the cord coli-
tis syndrome (45.5%) had previously received treat-
ment for grade 2 or higher acute GVHD, as com-

pared with the cohort (17.2%; P = 0.04), without 
organ-specific predominance; only one patient 
had prior acute gastrointestinal GVHD (Table 1). 
All patients with the cord colitis syndrome and  
acute GVHD had resolution of GVHD before the 
syndrome developed; the median time from 
acute GVHD to diagnosis of the cord colitis syn-
drome was 184 days (range, 105 to 328).

Discussion

We observed a syndrome of antibiotic-responsive, 
culture-negative diarrhea occurring after cord-
blood HSCT, which we have termed the cord colitis 
syndrome. Because of the high incidence of acute 
GVHD after HSCT and the similar initial presenta-
tion of the two syndromes, it is important to dis-
tinguish the cord colitis syndrome from GVHD.

Patients with the cord colitis syndrome have 
persistent watery, nonbloody diarrhea that is of-
ten associated with weight loss and frequently re-

Table 3. Pathological Characteristics of Patients with the Cord Colitis Syndrome.*

Patient 
No. Biopsy Location

Inflammatory 
Activity

Paneth-Cell 
Metaplasia Granulomas

Apoptosis 
Grade†

Mucosal 
Surface 
Injury Special Stains

1 Sigmoid colon Mild Yes No 1 Yes None

2 Rectosigmoid colon Mild Yes Yes 1 Yes None

3 Sigmoid colon Moderate No Yes 0–1 No None

4 Sigmoid colon Moderate to severe Yes Yes 1 Yes AFB, PAS-D, Giemsa, 
MSS, CMV, HSV-1 and 
HSV-2, Ad

5 Sigmoid colon Mild Yes Yes 1 Yes AFB, CMV, EBER, HP

6 Sigmoid colon Mild Yes No 1 Yes AFB, MSS, VZV, HSV-1 
and HSV-2, Ad, CMV, 
EBER

7 Sigmoid colon Mild No Yes 1 No AFB, MSS, Gram’s, CMV, 
Alcian yellow

8 Rectum Focal No Yes 2 Yes AFB, MSS, Gram’s, PAS-D, 
Alcian yellow

9 Sigmoid colon Mild Yes No 1 No CMV

10 Sigmoid colon Focal Yes Yes 0–1 No AFB, MSS, trichrome

11 Sigmoid colon Moderate to severe Yes No 0–1 Yes CMV (positive), MSS

* Staining with Alcian yellow was performed on specimens from separate biopsies of the stomach. Ad denotes immunohistochemical stain 
for adenovirus, AFB special stain for acid-fast bacilli, CMV immunohistochemical stain for cytomegalovirus, EBER in situ hybridization for 
Epstein–Barr virus–encoded RNA, HP immunohistochemical stain for helicobacter (from separate gastric biopsy specimens), HSV-1 and 
HSV-2 immunohistochemical stain for herpes simplex virus types 1 and 2, MSS methenamine silver stain, PAS-D periodic acid–Schiff with 
diastase, and VZV immunohistochemical stain for varicella–zoster virus.

† Histopathological gastrointestinal graft-versus-host disease criteria were used for grading. Grades range from 0 to 4, with 0 indicating no appre-
ciable apoptosis, 1 increased crypt epithelial apoptosis, 2 loss of individual crypts, 3 loss of two or more contiguous crypts, and 4 subtotal or 
total crypt loss.27
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quires hospitalization. Abdominal CT imaging 
generally reveals focal or diffuse colonic-wall 
thickening that is radiographically consistent with 
colitis. Colonoscopy in these patients commonly 
reveals erythematous mucosa on gross inspection.

The main feature distinguishing the cord colitis 
syndrome from acute GVHD is the histopathologi-
cal finding of chronic active colitis associated with 
granulomas. The histologic hallmark of acute 
GVHD in the gastrointestinal tract is increased 
apoptosis.27 In colon-biopsy specimens, this find-
ing predominates in crypt bases. Higher-grade le-
sions are also associated with increasing degrees 
of crypt loss (Fig. 2). Acute GVHD is not charac-
terized by increased plasmacytic inflammation 
in the lamina propria, neutrophilic infiltration of 
the epithelium, Paneth-cell metaplasia, or gran-
uloma formation.

The histologic features of chronic gastrointes-
tinal GVHD are not well characterized. The disease 

tends to affect the oral mucosa and esophagus and 
to spare the small and large intestines. In cases of 
intestinal involvement, submucosal fibrosis with 
mucosal sparing has been described.28,29 Chronic 
mucosal injury in patients with GVHD has been 
described in a single case series.30 The patients 
had prominent architectural distortion and a hypo-
cellular lamina propria. One of five patients in the 
case series had focal inflammatory activity. Al-
though the histologic pattern of injury described 
in one case series may represent chronic GVHD, 
alternative explanations (e.g., drugs and infections) 
are possible.30

The histologic findings in patients with the 
cord colitis syndrome are distinct from those in 
patients with acute or chronic GVHD. The presence 
of neutrophilic infiltration superimposed on Pan-
eth-cell metaplasia suggests chronic and ongoing 
injury. Although crypt epithelial apoptosis was 
observed, it was much less prominent than that 
typically observed in acute GVHD. In addition, 
although there was evidence of chronic mucosal 
injury in the form of Paneth-cell metaplasia in 
our patients, the architectural distortion charac-
teristic of the patients in the series reported by 
Asplund and Gramlich30 was not observed, and 
our patients had more pronounced inflammatory 
activity. The granulomatous inflammation is etio-
logically nonspecific.

The other distinguishing feature of the cord 
colitis syndrome is the rapid response to antibac-
terial treatment, usually with a fluoroquinolone 
and metronidazole. Relapse is common after the 
discontinuation of antibacterial agents and may 
require prolonged treatment courses. In contrast, 
patients with acute or chronic GVHD have a re-
sponse to increased immunosuppression. Three 
patients who received a diagnosis of the cord coli-
tis syndrome were initially treated with both anti-
biotics and glucocorticoids on admission to the 
hospital. When it became apparent that their ill-
nesses were not consistent with GVHD, the gluco-
corticoids were stopped and the antibacterial 
agents were continued. None of these patients re-
quired the reintroduction of immunosuppressive 
agents. The risks of prolonged antibiotic therapy, 
including promotion of antimicrobial resistance, 
must be weighed against the benefits of treating 
the cord colitis syndrome effectively. Diarrhea, 
weight loss, and other features of the syndrome 
greatly affected the quality of life and nutritional 
status of these patients. The duration of antibac-

A

*

B

Figure 1. Histologic Features of the Cord Colitis
Syndrome (Hematoxylin and Eosin).

Panel A shows prominent granulomatous inflamma-
tion (asterisk), neutrophilic cryptitis (circles), and mild 
crypt epithelial apoptosis; Panel B shows Paneth-cell 
metaplasia (arrows).
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terial regimens should be tailored to the clinical 
response.

In our cohort, the cord colitis syndrome was not 
associated with demographic characteristics, the 
primary hematologic disease, or the conditioning 

regimen or GVHD prophylactic regimen. The syn-
drome was not associated with increased mortal-
ity among patients undergoing cord-blood HSCT. 
A considerable proportion of patients at our cen-
ter received sirolimus and tacrolimus for GVHD 
prophylaxis; however, the cord colitis syndrome 
was identified in patients who did not receive ei-
ther agent. Patients with a history of grade 2 or 
higher acute GVHD were more likely to have the 
cord colitis syndrome than were patients with 
grade 1 GVHD or no GVHD. In all the patients 
with GVHD who had the cord colitis syndrome, 
the GVHD resolved clinically before the syndrome 
developed. However, the number of patients in the 
cohort who had had acute GVHD was small, so it 
is difficult to interpret the importance of this ob-
servation. We did not identify a syndrome consis-
tent with the cord colitis syndrome in any of the 
1261 patients who underwent non–cord-blood 
HSCT during the study period.

The cord colitis syndrome responds to antibac-
terial therapy, which suggests an infectious, pos-
sibly bacterial, cause. However, the chronic gran-
ulomatous colitis observed on histopathological 
examination could represent an inflammatory 
colitis. The histopathological findings observed in 
the cord colitis syndrome are similar to those seen 
in Crohn’s disease.31,32 There is evidence that anti-
biotics may be a useful adjunctive therapy in pa-
tients with Crohn’s disease.33,34 A greater under-
standing of the cord colitis syndrome may provide 
insights into the pathophysiology of Crohn’s 
disease.

Presented in part at the 52nd Annual Meeting of the American 
Society of Hematology, Orlando, FL, December 4–7, 2010.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.
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Figure 2. Histologic Features of Acute Gastrointestinal 
Graft-versus-Host Disease (Hematoxylin and Eosin).

Panel A shows striking crypt epithelial apoptosis (as-
terisks); Panel B shows total crypt loss with aggregation 
of endocrine cells (circles).
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